phosphoenolpyruvate to pyruvate. This regula tory effect was revea 1 ed ··.··.by-kinetic· tracer·studies with 14 co 2 , paper chromatography, and radioautographic analysis, which showed that upon addition of amnonium ion, l) the levels of both 3-phosphoglycerate and phosphoenolpyruvate drop, with the ratio of 3-phosphoglycerate/phosphoeno 1 pyruvate increasing'
2) the level of labeled pyruvic acid increases, and the rate of formation of alanine increases rapidly while the rate of formation of serine is unaffected, 3) the rate of flow of carbon into the tricarboxylic acid cycle acids, malate and citrate, increases along with the increased rates of formation of glutamate, glutamine and aspartate, and 4) the rate of labeling of lipids increases. The increased flow of carbon into amino.
acids is mostly at the expense of sucrose. synthesis; starch synthesis decreases only slightly~ The interruption of sucrose synthesis apparently is due to stopping the reaction between UDP-glucose and fructose-6-phosphate.
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The rate of conversion of fructose-1 ,6-diphosphate to fructose-6-phosphate is also decreased upon NH 4 + addition.
Kirietic studies of photosynthesis with labeled carbon in green cells and isolated chlorop'lastsl-J revealed regulatory mechanisms controlli,ng the flow of carbon within and out of the chloroplasts, and the relatipns between photosynthetic carbon reduction and biosynthetic metabolism.
Comparison of the patterns resulting from 14 co 2 incorporation du,ring photosynthesis in Chlorella pyrenoidosa, at various stages in the cell life cycles, showed that the smallest cells (which had recently divided in the dark) incorporate 14 c much more rapidly in to sucrose, and much · more Slowly into ami no acids and acids of the tricarboxylic acid cyclte, than growing cells. A one ml portion of the sample was defatted, hydrolyzed for 1 hr at 100°, and an aliquot (corresponding to 25 l-11 of the original) was chromatographed two dimensionally (each 24 hr) for starch glucose analysis. 4
Location of the labeled metabolites was detected by radioautogram and the content of 14 c and 32 P was determined semi~automatically, as was described in detail. 3
For analysis of pyruvate, a 2 ml pqrtion qf the sample with 0.5 ~mole
of authentic pyruvate was diluted to 5 ml with water, and coupled with 2,4-'dinitrophenylhydrazine. ·The coupling .and extraction were essentially ~imilar to those described by Bachelard. 9 The extract of the hydrazone was paper chromatographed 20 hr using n-butanol:ethanol:0.5 M ammonia (7: 1:2 v/v) in the dark and the radioact{vity of the yellow spot was counted as described above.
Upon addition of NH 4 Cl to the photosynthesizing cells, there is,a rapid increase in the rates of labeling of alanine and glutamine ( Fig. 1) , and of aspartic acid (Fig. 2) . Th~ rate of labeling of glutamic acid decreases momentarily, and then is increased to several times the rate before addition (Fig; 1) . Threon,ine labeling, not detected before addition of NH 4 Cl, becomes appreciable after addition ( Fig. 2) , while the rate of labeling of serine is virtually unchanged by the addition of NH 4 Cl. 
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In the case of P-labeled compounds in this experiment (see Figs.
3, 4, and 6), there is a 11 pseudo-saturation 11 of the metabolic pools with labeled phosphate. The metabolic pool label may be at any given time about the same specific radioactivity as the metabolic pool of inorganic -phosphate within the cells. However, this inorganic pool and other -6-metabolically active pools of phosphate inside the cell are slowly in~ creasing in specific radioactivity due to a 1 imited rate of entry of labeled phosphate into the cells and to slow turnover of larger, less 10 active pools, perhaps polyphosphates.
In any event, the addition of NH 4 Cl causes only a minor transient change in the levels of labeled ATP and ADP (Fig. 6) , after which the level of ATP increases slightly.
In contrast to the effects of NH 4
Cl addition on ATP and ADP, there is a sudden drop in the level of inorganic pyrophosphate to a new ste~dy state level less than half that existing before the addition of NH 4 Cl (Fig. 6) . Surprisingly, considering the drop in sucrose labeling rate and in pyrophosphate level, the labeling of UDPG (Fig. 7) was only slightly affected by the addition of NH 4 +. After 5 min the pool size seems to increase about 20%, and then drifts. upward (b~sed on 14 c labeling).
Small transient changes apparently occurred in the levels of most of the sugar phosphate compounds of the carbon reduction cycle just after NH 4 + addition. Since these immediate changes were within the range of experimental error, they are not shown. The initial changes were followed by a general decline in the levels of these metabolites. The steady-state levels just before NH 4 + addition, and 20 min later, are shown in Table I .
The rate of formation of lipid is significantly increased (about 25%)
by ammonia addition {Fig. shows that regulatory effects of NH 4 on carbon metabolism are responsible for the observed immediate increases in 14 c labeling of other amino acids.
The fact that glutamate labeling initially dips slightly (Fig. 1) upon addition of NH 4 + shows that the increased demand upon the glutamate pool is i ni ti ally greater than the increased rate of reductive ami nation forming glutamate. Only after 4 min does the increased flow of carbon
' ' ,.
-8-in the tricarboxylic acid cycle reach the point of synthesis of glutamate.
The unchanged rate of serine labeling (Fig. 2) is further evidence that the increased labeling of alanine, aspartate, etc. is due to increased levels of carbon skeleton precursors. In Chlorella, supplied with 1% co 2 , serine is probably derived from 3-phosphoglycerate (which decreases in level, Fig. 3 ) by several steps not involving phosphoenol--pyruvate. Upon addition of NH 4 +, the carbon ·precursor of serine is pro---bably decreased. This change, together with the increased level of + glutamate coming from the addition of NH 4 , leads to an unchanged rate of serine synthesis.
The increase in pyruvate 1 eve 1 with NH 4 + addition is not due to a decreased rate of oxidative decarboxylation~ since lipid labeling (Fig. 8) increases, indicating an increased rate of conversion of pyruvate to acetylCoA. Furthermore, there is an immediate increase in the rates of flow of 14 c into malate and citrate (Fig. 9) . The increased citrate formation could be a reflection of a higher level of acetyl CoA. A slight increase in. UDPG (Fig. 6) , at a time when the levels of fructose:..6-phosphate and glucose-:.6-phosphate decline (Table I) 14 · The .activity of that enzyme showed a sigmoidal dependence on the concentration of ++ fructbse-6-phosphate and was increased at high (22 nt-1) levels of Mg .
The smallness of the increase in UDPG accompanying the apparent stopping of sucrose synthesis in the present study is probably due to the decline in levels of glucose-6-phosphate and fructose-6-phosphate.
Besides the increase in pyruvate kinase activity and the decrease in sucrose phosphate synthetase activity, which ~esult in increasing the flow of carbon from the cycle at one point and decreasing the flow from the cycle at another point, there is a small, but perhaps significant, regulatory effect evident in the carbon reduction cycle itself. From Table I, we see that the level of fructose-1,6-diphosphate has increased, while the level of fructose-6-phosphate decreased. Thus, the activity of fructose-1 ,6-di phosphatase (E. C. 3. 1. -11-enzyme often changes in the same direction as that of ribulose diphosphate carboxylase (E.C. 4.1.1.39). With the addition of NH 4 +, however, we see (Table I ) that the level of ribulose-1 ,5-diphosphate has declined. Perhaps this is due to too large a drain of carbon from the cycle following the addition of 1 mM ammonia .
Calculation of free energy changes (t.Gs) accompanying reactions of steady-,state in photo~ynthesizing.Chlcirella pyrenoidosa (rates of energy dissipation as heat accompanying the reactions) showed that steps known to .be metabolically regulated were those with large negative free energy changes. 15 The physiological standard free energy change (all reactants at unit activities, except that the pH is taken as 7.0) for the pyruvate .kinase reaction was calculated to be t.G' = -5. Corresponding ratios of forward to back reaction rates are thus 2130 and 826, before and after NH 4 + addition.
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